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Carl Safi & Michaël Charton & Olivier Pignolet &
Pierre-Yves Pontalier & Carlos Vaca-Garcia
Abstract The amino acid profile of the red microalga Por-
phyridium cruentum and its protein extract have been deter-
mined in order to assess the nutritional quality of this
biomass for human consumption. Total protein determined
by elemental analysis represented 56 % of its dry weight.
Hydro-soluble proteins extracted at pH 12 and 40 °C were
analysed by the Lowry method giving 47 %, which repre-
sented 84 % of total protein per dry weight. The amino acid
sequence of the biomass and the protein extract was com-
posed of a set of essential (39 % for the former and 37 % for
the latter) and non-essential amino acids (61 % for the
former and 63 % for the latter) that compares favourably
with the standard protein/amino acid requirements proposed
by Food and Agricultural Organisation and World Health
Organisation.
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Introduction
Microalgae have been thoroughly studied for their impres-
sive richness in multiple important components that can be
valorised for numerous products such as biofuel, animal
feed, food supplements, dyes and pharmaceuticals. For
instance, in Japan and Chile, Chlorella vulgaris is added
to food, such as noodles and pasta (Fradique et al. 2010), to
improve the nutritional quality of the meal. Spirulina pla-
tensis is also used as food supplement in France, Mexico,
USA and other countries (FAO 2008).
Porphyridium cruentum is a unicellular microalga with
cell diameter ranging between 6 and 10 μm (Durmaz et al.
2007). It grows in saline water and lacks a cell wall, but
instead, it excretes a sulphurized polysaccharide that encap-
sulates the cell (Arad et al. 1985, 1988; Adda et al. 1986;
Geresh and Arad 1991; Geresh et al. 2002), therefore accu-
mulating a high amount of polysaccharides 40–57 %
(Fuentes et al. 2000). The source of red colour of this
microalga is phycoerythrin, which plays an important role
together with other phycobiliproteins present as an accesso-
ry photosynthetic pigment (Ley et al. 1977). In addition, P.
cruentum is a rich source of lipids and polyunsaturated fatty
acids, such as eicosapentanoic acid, docosahexaenoic acid
and arachidonic acid (AA) (Shiran et al. 1996; Cohen et al.
1997; Khozin-Goldberg et al. 2000) that have health bene-
fits by reducing the risk of cardiovascular disease, high
cholesterol levels (Ginzberg et al. 2000) and inflammation
and also reduce the risk of cancer (Patil et al. 2007). More-
over, this microalga accumulates high quantity of proteins
(39 % according to Fuentes et al. 2000).
Some studies have focused on amino acid profile of
phycocyanin (Ducret et al. 1994) or on extracellular
protein-polysaccharide linkage analysis (Heaney-Kieras
and Chapman 1976). Other studies worked on the nutrition-
al importance of this microalga without taking into consid-
eration its protein quality and only relying on fatty acids,
carbohydrates and phycobilisomes (Fuentes et al. 2000;
Berge et al. 2002). González López et al. (2010) measured
the nitrogen to protein conversion factor of five different
microalgae, including P. cruentum, by taking into account
protein nitrogen by Lowry method and total nitrogen by
elemental analysis and Kjeldahl method. Nevertheless, no
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study has been carried out on the amino acid profile of the
crude P. cruentum in order to evaluate the quality of proteins
present in the biomass.
Therefore, this study focuses on evaluating the protein
quality of the microalga by investigating the amino acid
profile of P. cruentum to compare it with standard protein
source proposed by World Health Organisation (WHO) and
Food and Agricultural Organisation (FAO) (WHO 2007;
Becker 1994). The profile of the protein extract of this
microalga was also performed to evaluate the potential of
both substrates as an unconventional protein source for food
consumption and food supplement.
Materials and methods
ThemicroalgaPorphyridium cruentum (strain UTEX 161) was
grown in batch mode in an indoor tubular air-lift photobior-
eactor (PBR, 10 L) at 25 °C (Loubiere et al. 2011), inoculated
from a prior culture in a flat panel air-lift PBR (1 L). Hemerick
culture mediumwas used (Hemerick 1973). Culture circulation
was by sterile air injection at the bottom of the PBR. The pH
and temperature were recorded by a pH/temperature probe, and
the pH was regulated at pH 7.5 with CO2 bubbling. P. cruen-
tum was harvested during the exponential phase and concen-
trated by centrifugation (11 % dry matter) and was furnished as
frozen paste from Alpha Biotech (Asserac, France).
The frozen paste of crude microalga was freeze dried in a
Fisher Bioblock Scientific Alpha 2-4 LD Plus device
(France). The pressure was reduced to 0.010 bar, and the
temperature was further decreased to −80 °C, and freeze-
drying was under vacuum for 48 h.
Protein extraction
For protein determination, stock solutions were prepared
with approximately 500 mL of ultrapure water and some
drops of NaOH 2 N to adjust the pH to the desired value
from 7 to 14. A sample of 1 g of freeze-dried biomass was
added to 50 mL of stock solution. The mixture was heated at
40 °C with stirring for 1 h. The sample was then centrifuged
at 10,000 × g for 10 min. Samples were taken for analyses:
colorimetric method of Lowry, elemental analysis and ami-
no acid analysis.
Lowry method (Lowry et al. 1951)
The procedure involves reaction of proteins with cupric
sulphate and tartare in an alkaline solution, leading to the
formation of tetradentate copper protein complexes. The
addition of the Folin–Ciocalteu reagent leads to the oxida-
tion of the peptide bonds by forming molybdenum blue with
the copper ions. Therefore, a calibration curve was prepared
using a concentration range of bovine serum albumin from 0
to 1,500 μg mL−1. In order to measure the protein content,
0.2 mL of each standard or samples containing the crude
protein extract were withdrawn, and 1 mL of modified
Lowry reagent was added to each sample. Each sample
was then vortexed and incubated for exactly 10 min. After
incubation, 100 μL of Folin–Ciocalteu Reagent (1 N) were
added and again vortexed and incubated for exactly 30 min.
The blue colour solution is then measured at 750 nm.
Elemental analysis
Total nitrogen of the freeze-dried biomass was evaluated
using a PerkinElmer 2400 series II elemental analyser.
Samples of 2 mg were placed in thin capsules and then
heated at 925 °C using pure oxygen as the combustion gas
and pure helium as the carrier gas, then evaluating the
nitrogen percentage and converting it into protein percent-
age using the standard 6.25 as the conversion factor.
Amino acid analysis
Amino acid composition of the biomass was determined
according to the method of Moore and Stein (1948). The
samples were hydrolysed with 6 N HCl at 103 °C for 24 h.
Then, the hydrolysedmaterial was adjusted to pH 2.2 with 6 N
NaOH and then stabilisedwith a pH 2.2 citrate buffer solution.
The final solution was then filtered through a 0.45-μm PTFE
membrane to remove any residual solid remaining in the
solution. The analysis was performed using an amino acid
analyser Biochrom Ltd 30 (Cambridge, UK) equipped with a
system “column + pre-column (PEEK)” (size 200×4.6 mm)
with ion exchange resins containing sodium. The separation
of amino acids is carried out by elution with loading buffers at
different pH, with a flow rate of 20 μL. After reaction with
ninhydrin, amino acids are detected at a wavelength of
570 nm, with the exception of proline, for which detection
was at 440 nm. Ammonia was automatically added to com-
pensate the value of some less resistant amino acids that
disappeared after the strong acid hydrolysis.
Results
All results in this section are presented as percent dry weight
of the biomass. Aqueous extraction of P. cruentum was
carried out at different pH. The highest hydro-soluble pro-
tein content obtained was 47 % at pH 12 and 47 % for pH
14, and the lowest was 8 % at pH 7 followed by 33 % at pH
10 (Fig. 1). On the other hand, total protein obtained by
elemental analysis was 56 % from which hydro-soluble
proteins represented 84 % with 16 % as non-soluble
proteins.
The amino acid sequence of P. cruentum and its protein
extract obtained at pH 12 (Table 1) included a set of essential
and non-essential amino acids (Table 2) representing a total of
38.7 % essential, 61.0 % non-essential and 0.3 % ornithine,
which is an unclassified amino acid. As for the protein extract,
36.8 % were essential, 62.9 % non-essential and 0.2 % orni-
thine. The major amino acids of the crude biomass were
aspartic acid 11.2 % and serine 8.1 % as well as glutamic acid
8.2 %. The major amino acids of the protein extract were
aspartic acid 10.7 %, glutamic acid 9.0 % and alanine
10.5 %. It is noteworthy that the alanine content in the protein
extract was 36 % higher compared to crude microalga.
Discussion
Total nitrogen content obtained by elemental analysis was
required to calculate total protein content and, then through
it, the exact percentage of hydro-soluble and non-hydro-
soluble proteins content of the biomass. Surprisingly, total
protein content (56 %) was higher than the results (34 %)
reported by Fuentes et al. (2000) and (39 %) Becker (1994),
where the standard conversion factor 6.25 was used. This is
probably due to the growing conditions of the microalga or
to the standard conversion factor used, which can overesti-
mates the exact protein content. For instance, multiple stud-
ies (Lourenço et al. 1998, 2004; Mariotti et al. 2008;
González López et al. 2010) recommended a conversion
factor lower than the standard 6.25.
Furthermore, cell disruption was not necessary since P.
cruentum does not have a cell wall, and instead, it is
Fig. 1 Hydro-soluble protein percent per 100 g dry biomass at differ-
ent pH and 40 °C. Results are based on three replicates for three
experiments at each point ± SD (n06)
Table 1 Amino acid percent per
100 g of P. cruentum and its
protein extract (aqueous alkaline
extraction) compared to standard
food protein source
Results are based on three repli-
cates for three experiments at
each point ± SD (n03)
NA not available
aBecker 1994
Amino acids P. cruentum P. cruentum
protein extract
Significant
difference (α00.05)
FAO/WHOa Eggsa Soyaa
Aspartic acid 11.21±0.45 10.71±0.02 No NA 11 1.30
Threonine 6.25±0.25 4.45±0.01 Yes 4 5 4.00
Serine 8.11±0.29 7.49±0.02 Yes NA 6.9 5.80
Glutamic acid 8.17±0.29 9.05±0.01 Yes NA 12.6 19.00
Glycine 6.86±0.28 7.68±0.01 Yes NA 4.2 4.50
Alanine 6.67±3.67 10.46±0.02 No NA NA 5.0
Cysteine 0.33±0.01 0.27±0.01 Yes 3.5 2.3 1.90
Valine 2.50±0.10 3.15±0.01 Yes 5 7.20 5.30
Methionine 2.78±0.11 2.37±0.01 Yes NA 3.20 1.30
Isoleucine 5.25±0.24 5.34±0.02 No 4 6.60 5.30
Leucine 5.83±0.21 7.30±0.01 Yes 7 7.00 7.70
Tyrosine 4.43±0.18 3.69±0.01 Yes 6 4.20 3.20
Phenylalanine 5.00±0.20 4.12±0.01 Yes NA 5.80 5.00
Histidine 1.11±0.04 0.79±0.03 Yes NA 2.40 2.60
Lysine 5.50±0.21 5.60±0.01 No 5.5 5.30 6.40
Arginine 7.78±0.29 6.63±0.02 Yes NA 6.20 7.40
Tryptophan 1.39±0.05 0.72±0.02 Yes 1 1.70 1.40
Ornithine 0.27±0.01 0.22±0.01 Yes NA NA NA
Proline 2.53±0.17 1.87±0.02 Yes NA 4.2 5.3
Ammoniac 8.02±0.30 8.05±0.04 No NA NA NA
Table 2 Content of essential and non-essential amino acid of the
biomass and the protein extract without taking ammoniac into
consideration
Amino acids P. cruentum (%) P. cruentum protein extract (%)
Essential AA 38.7 36.8
Non-essential AA 61.0 63.0
Unclassified 0.3 0.2
encapsulated with a fragile polysaccharide layer surround-
ing the cell. Thus, the extraction of the internal proteins was
not mechanically hindered. Only the chemical environment
controls the extraction process. Hence, extraction of proteins
was optimal at pH 12 since it gave similar results at pH 14,
1.4 times higher than pH 10 and 6.5 times higher than pH 7.
Therefore, pH 12 was sufficient to extract the maximum
amount of proteins that have been quantified by the Lowry
method. This colorimetric method is considered as one of
the most accurate methods to quantify proteins. Neverthe-
less, it takes only into consideration hydro-soluble proteins
(Crossman et al. 2000; Diniz et al. 2011), which represents
the major part of proteins present in the microalga. In our
case, soluble protein content (84 %) was higher than results
reported by González López et al. (2010), where it was
estimated to represent 75 % of total protein. The variability
observed in total and hydro-soluble protein content, com-
pared to literature values, depends on environmental and
culture conditions, which are key factors for the growth of
the microalga and its nutrient content. Moreover, the high
value for hydro-soluble proteins is explained by the possible
presence of small peptides and free amino acids in the
reaction with Lowry's reagents (Barbarino and Lourenço
2005). Protein nutritional quality for food consumption is
evaluated by the amino acid profile and by the proportion
and availability of amino acids (Becker 1994). It should be
noted that plants are capable of synthesising essential and
non-essential amino acids, while humans and other animals
are only capable of synthesising non-essential amino acids,
and the rest are obtained from food (Mahan and Escott-
Stump 2004). P. cruentum shows an interesting combination
of ten essential and nine non-essential amino acids in its
proteins. A difference has been detected between the frac-
tions of amino acids of the crude biomass and its protein
extract, indicating that the extractable hydro-soluble pro-
teins have a different primary structure. Fifteen out of 19
amino acids of the protein extract showed statistical signif-
icant difference (α00.05) compared to the amino acid pro-
file of the crude biomass (Table 1). There was no high
difference between the total percentage of essential and
non-essential amino acids of crude P. cruentum (Table 2)
and its protein extract, proving again that the cell wall of this
microalga was not a barrier that prevents the extraction of
intracellular proteins.
Furthermore, the fragility of its pseudo-cell wall favours
the digestibility of the proteins compared to C. vulgaris and
Scenedesmus sp., which are considered as important protein
sources but have a rigid cell wall mainly composed of
cellulose. Hence, P. cruentum does not require a previous
unit operation to liberate the internal proteins.
The protein quality assessed in this study compares
favourably to standard protein food recommended by
WHO and FAO (Becker 1994), and it can be considered as
an additional key element for this unicellular microalga, and
together with its remarkable richness in polyunsaturated
fatty acids (Berge et al. 2002) accompanied by its anticancer
and immunomodulating activities of the phycobiliproteins
(Bermejo Roman et al. 2002) and its high content in poly-
saccharides (Fuentes et al. 2000), it could make P. cruentum
a special unconventional food source that covers all the
necessary nutritional primary requirements. Of course, other
aspects, such as toxicity, must be evaluated to give a final
assessment on appropriateness for human consumption.
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